INTRODUCTION
Among analytical instruments with miniaturized columns, capillary zone electrophoresis (CZE) 1, 2 and high-performance liquid chromatography using capillary columns (micro-HPLC) 3, 4 have received much attention. CZE, in which a potential is applied to a buffer-filled capillary to generate electroosmotic flow (EOF), provides excellent efficiency in separating charged species via their different electrophoretic mobilities but is unable to resolve neutral components. Micro-HPLC, on the other hand, provides high selectivity in a wide range of applications because a variety of stationary phases are available. However, the mobile phase in micro-HPLC is driven through the column by applying high pressure that causes a parabolic velocity profile of the mobile phase and thus reduces the column efficiency.
The high efficiency of CZE and the high selectivity of micro-HPLC can be combined, and the end result is a hybrid technique referred to as capillary electrochromatography (CEC).
Since the first demonstration of the feasibility of electrochromatography by Pretorius et al 5 . in 1974, CEC in packed columns has been applied to analyze neutral compounds that could not be separated by CZE 1, [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] .
To realize the full potential of CEC it is necessary to develop the capability of gradient elution, as in HPLC 17 and micro-HPLC 18, 19 , for successfully separating a wide variety of complex samples. So far, there appears to be no report on solvent gradient elution in CEC using direct electroosmotically driven flow in packed capillary columns in an automated manner.
Nevertheless, some related work should be noted. Behnke and Bayer 20 applied an electric potential in addition to pressure to a separation column in which a solvent gradient was delivered by a pressure-driven gradient system. Enhanced column efficiency and 6 resolution were demonstrated when the electric potential was used in the separation column.
In addition, several approaches for generating pH gradients in isotachophoresis and CZE have been reported. Bocek and coworkers [21] [22] [23] used a system with two buffer chambers, each with its own electrode, to cause the migration of two different ionic species into the capillary during separation. In their approach the two buffer chambers were separated from the capillary by semipermeable membranes. Sustácek et al. 24 used a syringe-type doser to pump the modifying electrolyte into the background electrolyte chamber to form pH gradients. Tsuda 25 proposed an apparatus that consisted of a programmed solvent-delivery system and a split injector to generate pH gradients. as pH-and ionic-strength gradients in electrokinetic separations using capillaries or narrow channels.
EXPERIMENTAL SECTION
A schematic diagram of the solvent gradient CEC system and LIF detector is shown in Figure 1 . The major components of this 7 analytical system are described below. Detection Apparatus. The confocal-design UV-LIF apparatus has been described previously 14, 29 . The UV laser radiation (257 nm)
from an intracavity-doubled argon-ion laser (Coherent, Inc., 
CONCLUSIONS
It has been widely recognized that miniaturization of separation columns in HPLC and CEC offer several advantages including improved efficiency, mass detection sensitivity, low solvent consumption, small sample quantity, and easier coupling to detectors such as mass spectrometers and flame-base detectors.
However, to deliver a nL/min gradient flow into a capillary column (e.g, 10-100-µm i. Electrochrornatograrns showing the comparison of isocratic and gradient elution for the separation of the 16 listed in Table I . Peaks 3 and 4 correspond to compounds 3 in Figure 3 See text for other details. 
